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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention:

[0001] The present invention relates to an analog baseband filter apparatus for a multi-mode and multi-band wireless
transceiver and a method for controlling the apparatus.

2. Description of the Related Art:

[0002] In a receiver of wireless communication, an analog filter is used to filter unnecessary noise from a signal that
is demodulated into a baseband by a mixer and to select a signal of a desired channel. In the analog filter, an accurate
cut-off frequency setting has a significant influence upon system performance.
US 2010/099372 A1 discloses an apparatus including first and second filters and a bandwidth control circuit. The first
filter operates as part of a first oscillator in a first mode and filters a first input signal and provides a first output signal in
a second mode. The second filter operates as part of a second oscillator in the first mode and filters a second input
signal and provides a second output signal in the second mode. The bandwidth control circuit adjusts the bandwidth of
the first and second filters in the first mode, e.g., adjusts the oscillation frequency of each oscillator to obtain a target
bandwidth for an associated filter.
US 2008/139119 A1 discloses a method for processing signals in a high performance receive chain including amplifying
radio frequency signals in amplifier chains in a multistandard radio frequency front-end, comprising one or more shared
processing stages, and combining, with substantially equal gain, a number of phase-shifted radio frequency signals of
the radio frequency signals into substantially equal-gain-combined radio frequency signals.
US 2008/139132 A1 discloses a system for a linearized transmitter including a power amplifier including at least one
transconductance amplifier that enables generation of a single analog quadrature signal. Transmitter mixers may enable
generation of a plurality of upconverted RF signals in a corresponding plurality of RF processing chains based on the
generated single analog quadrature signal.
EP 2 083 517 A1 discloses a filter circuit including Nth-order active filters, a switching circuit which switches shorting or
non-shorting of active filter (9), and a power-supply control circuit which controls such that a power supply of active filter
is turned off when the switching circuit shorts the active filter.
[0003] Generally, a filter has an input-to-output gain value which changes as a frequency value increases, and the
filter has also a pass band and a stop band. A cut-off frequency fc refers to a boundary frequency that is between the
pass band and the stop band. A Low Pass Filter (LPF) defines a cut-off frequency fc, which is a frequency having a gain
value which is 3dB lower than a gain value of a direct current or a low frequency in the pass band. The cut-off frequency
fc is determined by a feedback resistor and a feedback capacitor, both of which are used in the analog filter.
[0004] A baseband used in mobile communication systems covers a very large range of frequencies from a bandwidth
of 100kHz for 2nd Generation (2G) communication systems to a bandwidth of 20MHz for 3rd Generation (3G) or 4th
Generation (4G) communication systems, wherein the highest bandwidth of the baseband is about 100 times the lowest
bandwidth. A multi-mode mobile terminal, which uses a 2G mode for voice communication and uses a 3G or 4G (here-
inafter, ’3G/4G’) mode for data communication, should have a multi-mode and multi-band wireless transceiver that uses
an analog baseband filter that is capable of supporting the foregoing diverse bandwidths of the baseband.
[0005] However, a resistor value, which may also be referred to as a resistance, and a capacitor value, which may
also be referred to as a capacitance, which determine the cut-off frequency fc of the analog baseband filter change
according to temperature and process conditions, and the resistance and capacitance are difficult to accurately estimate,
such that in an actual environment, the cut-off frequency fc may be different from a target value. Hence, the cut-off
frequency fc is corrected by controlling a variable resistor and/or a variable capacitor with a digital algorithm, and an
error of correction needs to be less than 4%.
[0006] The cut-off frequency fc is inversely proportional to a product of a resistor value and a capacitor value, such
that in order to process a signal in a low band, such as 2G, a resistor and a capacitor having very large values are
needed, and accordingly, an area and/or physical size of the analog filter may increase. A capacitor for processing a
low band of 2G may be several times larger in size than that in a 3G/4G, thus increasing a circuit area of the analog
filter several times. As such, when the 3G/4G mode operates, the circuit area of the analog filter significantly increases
due to the idle 2G mode, thus increasing the processing cost with respect to power, computation and other similar
resources. Moreover, as the circuit area increases, a path length of a signal travelling through the circuit increases, thus
increasing an error of the signal and noise, and thus degrading characteristics of the signal.
[0007] The above information is presented as background information only to assist with an understanding of the
present disclosure. No determination has been made, and no assertion is made, as to whether any of the above might
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be applicable as prior art with regard to the present invention.

SUMMARY OF THE INVENTION

[0008] Aspects of the present invention are to address at least the above-mentioned problems and/or disadvantages
and to provide at least the advantages described below. Accordingly, an aspect of the present invention is to provide
an apparatus for filtering an analog signal in a wireless transceiver and a method for controlling the apparatus.
[0009] In accordance with an aspect of the present invention, an analog baseband filter apparatus for a multi-mode
and multi-band wireless transceiver is provided. The analog baseband filter apparatus includes

a plurality of radio frequency, RF, units, each of the plurality of RF units being configured for receiving RF signals
of one of a plurality of frequency bands and outputting baseband signals;
a plurality of filter blocks configured for filtering and amplifying the baseband signals and comprising at least a first
filter block and a second filter block; and
a switching unit configured for connecting each of at least one of the plurality of RF units to one of the plurality of
filter blocks according to a selected communication mode selected out of a first communication mode and a second
communication mode, wherein the first filter block comprises a first capacitor region including a first capacitor and
the second filter block comprises a second capacitor region including a second capacitor, the second capacitor
region being being disposed adjacent to the first capacitor region, and
wherein in the first communication mode the first filter and the second filter are each connected to a corresponding
one of the plurality of RF units and in the second communication mode the first filter is connected to one of the
plurality of RF units, and the first capacitor included in the first capacitor region of the first filter block is connected
to the second capacitor included in the second capacitor region of the second filter block.

[0010] In accordance with another aspect of the present invention, a method for controlling an analog baseband filter
apparatus for a multi-mode and multi-band wireless transceiver is provided. The method includes

connecting each of a plurality of radio frequency, RF, units to one of a plurality of filter blocks in a first communication
mode which uses a high band, HB; and connecting one of the plurality of RF units to a first filter block of the plurality
of filter blocks in a second communication mode which uses a Low Band, LB,
wherein each of the plurality of RF units is configured to receive RF signals of one of a plurality of frequency bands
and output baseband signals to one of the plurality of filter blocks,
wherein each of the plurality of filter blocks is configured to respectively filter and amplify the baseband signals,
wherein the first filter block comprises a first capacitor region including a first capacitor, and
wherein, when in the second communication mode, the first capacitor included in the first capacitor region of the
first filter block is connected with a capacitor included in a capacitor region of an adjacent filter block of the plurality
of filter blocks, the adjacent filter block disposed adjacent to the first filter block.

[0011] Other aspects, advantages, and salient features of the invention will become apparent to those skilled in the
art from the following detailed description, which, taken in conjunction with the annexed drawings, discloses exemplary
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other aspects, features, and advantages of certain exemplary embodiments of the present
invention will be more apparent from the following description taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a diagram illustrating a structure of an analog filter having a characteristic function of a primary frequency
filter according to an exemplary embodiment of the present invention;
FIGs. 2A and 2B are a block diagram and a floor plane illustrating an analog baseband filter, respectively, not
according to the present invention;
FIG. 3A is a diagram illustrating a structure of a reception apparatus which supports a plurality of high-band modes
according to an exemplary embodiment of the present invention;
FIG. 3B is a diagram illustrating a structure of a terminal apparatus which supports first and second high-band modes
according to an exemplary embodiment of the present invention;
FIGs. 4A and 4B are a block diagram and a floor plan illustrating an analog baseband filter apparatus according to
an exemplary embodiment of the present invention, respectively;
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FIGs. 5A through 5C are diagrams for describing a mode change of an analog filter according to an exemplary
embodiment of the present invention;
FIG. 6 is a diagram illustrating a resistor block which varies according to a mode according to an exemplary em-
bodiment of the present invention;
FIGs. 7A through 7F are diagrams illustrating diverse connections of a resistor block according to an exemplary
embodiment of the present invention;
FIG. 8 is a circuit diagram of an analog baseband filter apparatus according to an exemplary embodiment of the
present invention; and
FIGs. 9A and 9B are diagrams illustrating in detail connection of capacitors according to an exemplary embodiment
of the present invention.

[0013] Throughout the drawings, it should be noted that like reference numbers are used to depict the same or similar
elements, features, and structures.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0014] The following description with reference to the accompanying drawings is provided to assist in a comprehensive
understanding of exemplary embodiments of the invention as defined by the claims. It includes various specific details
to assist in that understanding but these are to be regarded as merely exemplary. Accordingly, those of ordinary skill in
the art will recognize that various changes and modifications of the embodiments described herein can be made without
departing from the scope of the invention. In addition, descriptions of well-known functions and constructions may be
omitted for clarity and conciseness.
[0015] The terms and words used in the following description and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and consistent understanding of the invention. Accordingly, it
should be apparent to those skilled in the art that the following description of exemplary embodiments of the present
invention is provided for illustration purpose only and not for the purpose of limiting the invention as defined by the
appended claims.
[0016] It is to be understood that the singular forms "a," "an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "a component surface" includes reference to one or more of
such surfaces.
[0017] The present invention is not limited by exemplary embodiments provided in the drawings and the specification.
Throughout the drawings, like reference numerals refer to like members. The drawings have been simplified and relatively
exaggerated to emphasize the features of the present invention, and dimensions in the drawings do not accurately match
the dimensions of actual products of the present invention. Those of ordinary skill in the art may easily modify dimensions,
such as length, circumference, and thickness, of each component from the disclosure of the drawings for application
into an actual product, and it will be obvious to those of ordinary skill in the art that such modification falls within the
scope of the present invention.
[0018] The following exemplary embodiments of the present invention relate to an analog filter for filtering an analog
signal, and more particularly, to a multi-mode and multi-band analog baseband filter. An Analog BaseBand (ABB) filter
may be used for wireless transceivers which support bandwidths of different wireless communication techniques, such
as Global System for Mobile communications (GSM), Enhanced Data GSM Environment (EDGE), High Speed Packet
Access (HSPA), Wideband Code Division Multiple Access (WCDMA), Long Term Evolution (LTE) 1.4M, LTE 3M, LTE
5M, LTE 10M, LTE 15M, and LTE 20M, and any other similar and/or suitable wireless communication technique.
[0019] FIG. 1 is a diagram illustrating a structure of an analog filter having a characteristic function of a primary
frequency filter according to an exemplary embodiment of the present invention.
[0020] Referring to FIG. 1, an analog filter 100 includes an operation amplifier (OP AMP) 150 which receives an input
voltage Vin at a negative (-) terminal through an input resistor 160 having a resistance value of Ra and a positive
(+)terminal that is grounded. The analog filter 100 also includes a feedback resistor 170, having a resistance value of
Rb, and a feedback capacitor 180, having a capacitance value of C, which are both connected between the negative
(-)terminal and an output Vout of the OP AMP 150. The resistors 160 and 170 may be variable resistors, and a gain
value and a cut-off frequency of the analog filter 100 may be changed by changing resistor values of the resistors 160
and 170. A gain value and a cut-off frequency of a direct current of the analog filter 100 are expressed as follows: 

[0021] In Equation 1, Ra indicates a resistor value of the input resistor 160, Rb indicates a resistor value of the feedback
resistor 170, and C indicates a capacitance of the feedback capacitor 180. As such, the cut-off frequency fc is inversely
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proportional to the feedback resistor value Rb and the feedback capacitor value C. Herein, Rb and C are controlled by
a digital code in order to increase linearly or exponentially.
[0022] A receiver filter applied to a Radio Frequency (RF) circuit may typically be composed of three through seven
stages by serially combining a Real Pole (RP) filter having one RP, as illustrated in FIG. 1, and a plurality of Bi-Quad
(BQ) filters, for example BQ filters two through six, having one or more RPs.
[0023] A baseband used in mobile communication systems may cover a very large range from a bandwidth of 100kHz,
for 2G communication systems such as GSM, to a bandwidth of 20MHz, for 4G communication systems such as LTE.
Table 1 shows examples of cut-off frequencies for standardized mobile communication basebands.

[0024] Herein, mobile communication systems of HSPA Single Carrier (SC) and HSPA Dual Carrier (DC) are included.
In a 3G or 4G (hereinafter, ‘3G/4G’) mode, an additional frequency band for diversity may be used through an additional
reception antenna, in addition to a frequency band for a reception antenna used for basic services. With respect to the
exemplary embodiments described herein, the two frequency bands will be referred to as a Primary (PRX) High Band
(HB) for the basic services and a Diversity (DRX) HB for the additional frequency band.
[0025] FIGs. 2A and 2B are a block diagram and a floor plan of an analog baseband filter, respectively, not according
to the present invention.
[0026] Referring to FIG. 2A, an analog baseband filter includes a first filtering and amplifying path 210 and a second
filtering and amplifying path 215 for an In-phase (I) signal and a Quadrature-phase (Q) signal of a 3G/4G mode PRX
HB. The analog baseband filter also includes a third filtering and amplifying path 220 and a fourth filtering and amplifying
path 225 for I and Q signals of a 3G/4G mode DRX HB, and a fifth filtering and amplifying path 230 and a sixth filtering
and amplifying path 235 for I and Q signals of a 2G mode Low Band (LB).
[0027] The respective filtering and amplifying paths 210 through 235 include I/Q chains for filtering and amplifying
(hereinafter, filtering/amplifying) the I or Q signal. More specifically, the first filtering/amplifying path 210 includes an RP
filter 202 connected to a positive (+) input IP and a negative (-) input IN of the I signal of the PRX HB, a first BQ filter
204 and a second BQ filter 206, and a Variable-Gain Amplifier (VGA) 208 connected to an IP output OIP and an IN
output OIN. The RP filter 202, the first and second BQ filters 204 and 206, and the VGA 208 are sequentially serially
connected. The second filtering/amplifying path 215 includes three filters and a VGA in a manner similar to the first
filtering/amplifying path 210, and receives QP and QN and outputs OQP and OQN. Likewise, the other filtering/amplifying
paths 220 through 234 also include three filters and a VGA which are connected in series.
[0028] Referring to FIG. 2B, a floor plan of a circuit corresponding to the analog baseband filtering/amplifying paths
210 through 235 of FIG. 2A is illustrated. FIG. 2B shows a connection relationship between the filtering/amplifying paths
210 through 235 and RF units for inputting I/Q signals to the filtering/amplifying paths 210 through 235 and an internal
arrangement of the respective filtering/amplifying paths 210 through 235.
[0029] A PRX RF I unit 242 receives an RF signal of the PRX HB, frequency down-converts the received RF signal
into an I signal of a baseband, and forwards the baseband I signal to a corresponding first filter block having a capacitor
region 260 and an active region 262, which is equivalent to the first filtering/amplifying path 210 of FIG. 2A. A PRX RF
Q unit 244 receives a Q signal of the PRX HB and forwards the received Q signal to a corresponding second filter block
having an active region 264 and a capacitor region 266. A DRX RF I unit 246 receives an I signal of the DRX HB and
forwards the received I signal to a corresponding third filter block having a capacitor region 268 and an active region
270. A DRX RF Q unit 248 receives a Q signal of the DRX HB and forwards the received Q signal to a corresponding
fourth filter block having an active region 272 and a capacitor region 274. Likewise, filter blocks having the active regions
and capacitor regions 264 through 274 are equivalent to the second through fourth filtering/amplifying paths 215 through
225 of FIG. 2A.
[0030] A 2G RF Q unit 250 receives an RF signal of a 2G LB, frequency down-converts the received RF signal to a
Q signal of the baseband, and forwards the baseband Q signal to a corresponding fifth filter block having a capacitor
region 276 and an active region 278, which is equivalent to the fifth filtering/amplifying path 230 of FIG. 2A. A 2G RF I
unit 252 receives an RF signal of a 2G LB, frequency down-converts the received RF signal to an I signal of the baseband,
and forwards the baseband I signal to a corresponding sixth filter block having an active region 280 and a capacitor
region 282, which is equivalent to the sixth filtering/amplifying path 235 of FIG. 2A.
[0031] Elements of the filter block 210 of FIG. 2A may be classified into passive elements such as resistors or capacitors
and active elements such as OP AMPs. Thus, the first filter block includes the capacitor region 260 including a capacitor

[Table 1]

Mode 2G 3G 4G

Standard GSM EDGE HSPA SC HSPA DC LTE1.4 LTE3 LTE5 LTE10 LTE15 LTE20

BW 100kHz 100kHz 1.92MHz 4.42MHz 615kHz 1.5MHz 2.5MHz 5MHz 7.5MHz 10MHz
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bank and resistors and an active region 262 including OP AMPs. Similarly, the second through sixth filter blocks (264
through 282) include capacitor regions 266, 268, 274, 276, and 282 and active regions 264, 270, 272, 278, and 280,
respectively. To facilitate circuit manufacturing, adjacent filter blocks are typically configured such that identical regions
are adjacent to each other. For example, the active region 262 of the first filter block is disposed adjacent to the active
region 264 of the second filter block, and the capacitor region 266 of the second filter block is disposed adjacent to the
capacitor region 268 of the third filter block. The active region 270 of the third filter block is disposed adjacent to the
active region 272 of the fourth filter block. Likewise, the capacitor region 274 of the fourth filter block is disposed adjacent
to the capacitor region 276 of the fifth filter block, and the active region 278 of the fifth filter block is disposed adjacent
to the active region 280 of the sixth filter block. In other words, I path and Q path of each band are symmetric to each
other on the floor plan.
[0032] As stated above, since the cut-off frequency fc is inversely proportional to a product of a resistor value and a
capacitor value, to process an LB signal such as a 2G signal, a resistor and a capacitor having very large values are
required. As a result, the circuit area of the capacitor regions 276 and 282 of the fifth and sixth filter blocks for the 2G
mode is much larger, i.e., about 2 times larger, than that of the capacitor regions 260, 266, 268, and 274 for the 3G/4G
mode.
[0033] If the entire range of the baseband is processed merely with control of resistor values, instead of using capacitors
occupying a large area, then the circuit area may be reduced, however an influence of noise may increase. More
specifically, noise generated in a real wireless environment is proportional to an input resistor value at the first filter stage
202, as expressed by Equation 2, and the noise is multiplied by a gain, such that the noise appears in the output signals
OIP and OIN. 

[0034] In Equation 2, VN indicates a noise voltage, k indicates a Boltzmann constant (=1.3∗10-23), T indicates an
absolute temperature, R indicates an input resistor value of the first filter stage 202, and BW indicates a bandwidth.
[0035] A noise figure required for an analog baseband filter is less than 30dB, which corresponds to noise introduced
at a resistance of 50kQ that is 100 times a reference resistance of 50Ω. Therefore, an input resistor value of each filter
cannot be higher than a maximum of 501kΩ. In addition, a gain of each filter ranges from 0dB to 24dB, such that a
feedback resistor value is 1/6 through 1 of the input resistor value. As described above, in order to process all bandwidths
of 2G and 4G, a 100-times or 100-fold frequency range from the lowest frequency is required. Hence, in order to obtain
a desired cut-off frequency with control of a resistor value instead of a capacitance value, a 1600-fold gain range from
the minimum gain is needed. At the same time, in order to obtain a 24dB gain when an input resistor value of 500Ω,
which is 1/100 of a maximum input resistor value of 50kΩ, is used, then the feedback resistor value is 31.25Ω according
to Equation 2, thus significantly degrading output impedance, and thus failing in obtaining a desired gain and intensifying
signal distortion.
[0036] Therefore, in the following exemplary embodiment of the present invention, an analog baseband filter circuit is
configured to allow signal chains for frequency bands of an HB mode to be used also in an LB mode. For example, Q
channel signal paths for a PRB HB and a DRX HB of an HB mode are shared with the LB mode. As another example,
I channel signal paths for the PRB HB and the DRX HB of the HB mode are shared with the LB mode.
[0037] FIG. 3A is a diagram illustrating a structure of a reception apparatus which supports a plurality of HB modes
according to an exemplary embodiment of the present invention.
[0038] Referring to FIG. 3A, the reception apparatus includes a plurality of RF units including a first RF unit 302, and
a second RF unit 304 through an Nth RF unit 306 for RF processing of an HB or LB signal. However, the present invention
is not limited thereto, and the reception apparatus may include any suitable and or similar number of RF units. The
reception apparatus also includes a plurality of Analog BaseBand (ABB) blocks including a first ABB block 312, and a
second ABB block 314 through an Nth ABB block 316 for baseband signal processing. However, the present invention
is not limited thereto, and the reception apparatus may include any suitable and/or similar number of RF units. Additionally,
the reception apparatus includes a switching unit 310 for connection between the RF units 302, 304, and 306 and the
ABB blocks 312, 314, and 316, and a controller 300 for controlling the switching unit 310 according to a selected
communication mode.
[0039] The first through Nth RF units 302, 304, and 306 perform RF processing for an I or Q path of a frequency band
according to the selected communication mode. In an exemplary embodiment of the present invention, the first RF unit
302 is configured to perform signal processing of a first HB and signal processing of an LB. In an HB mode, the first RF
unit 302 receives an RF signal of the HB and converts the received RF signal into an I or Q signal of a baseband, and
in an LB mode, the first RF unit 302 receives an RF signal of an LB and converts the received RF signal to an I or Q
signal of a baseband.
[0040] The first through Nth ABB blocks 312, 314, and 316 individually process a baseband signal corresponding to
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an HB or process a baseband signal corresponding to an LB in association with other adjacent ABB blocks. To be more
specific, the first ABB block 312 and the second ABB block 314 individually operate in an HB mode, however, in an LB
mode, the two blocks 312 and 314 are concatenated to process a signal of an LB. In order to process the signal of the
LB together, the first ABB block 312 and the second ABB block 314 are arranged symmetrically to each other. More
specifically, a capacitor region of the first ABB block 312 is disposed adjacent to a capacitor region of the second ABB
block 314, such that the capacitor regions of the first ABB block 312 and the second ABB block 314 may be connected
to each other in the LB mode.
[0041] The switching unit 310 connects the first through Nth RF units 302, 304, and 306 with the first through Nth ABB
blocks 312, 314, and 316 according to the selected communication mode, under control of the controller 300. The
controller 300 controls the overall operation of the reception apparatus, and controls the switching unit 310 according
to whether a desired communication mode is the LB mode or the HB mode. More specifically, in the HB mode, the
switching unit 310 connects the first RF unit 302 to the first ABB block 312, the second RF unit 304 to the second ABB
block 314, and the Nth RF unit 306 to the Nth ABB block 316.
[0042] In the LB mode, if the first RF unit 302 is configured to receive the RF signal of the LB, the switching unit 310
connects the first RF unit 302 to the second ABB block 314 and a capacitor region of the second ABB block 314 is
expanded to include a capacitor region of the first ABB block 312. For such expansion, the capacitor region of the second
ABB block 314 is disposed adjacent to the capacitor region of the first ABB block 312, such that in the LB mode, the
two capacitor regions are concatenated to each other to process, i.e., to filter and amplify, a baseband signal corre-
sponding to the LB. Likewise, at least two other ABB blocks are connected to other RF units in order to process a
baseband signal corresponding to the LB.
[0043] FIG. 3B is a diagram illustrating a structure of a terminal apparatus which supports first and second HB modes
according to an exemplary embodiment of the present invention.
[0044] Referring to FIG. 3B, the terminal apparatus includes a first RF I unit 322 and a first RF Q unit 324 for I/Q paths
of a first HB and a second RF I unit 326 and a second RF Q 328 for I/Q paths of a second HB, a first ABB I block 332
and a first ABB Q block 334 for baseband I/Q paths corresponding to the first HB, a second ABB Q block 336 and a
second ABB I block 338 for baseband I/Q paths corresponding to the second HB, a switching unit 330 for connection
between the RF units 322, 324, 326, and 328 and the ABB blocks 332, 334, 336, and 338, and a controller 340 for
controlling the switching unit 330 according to a communication mode.
[0045] The first RF I unit 322 and the first RF Q unit 324 for an I path of the first HB may be configured to operate as
RF units for an I or Q path of an LB. Furthermore, the second RF I unit 326 and the second RF Q unit 328 for an I path
of the second HB may be configured to operate as RF units for I and Q paths of the LB. When the terminal operates in
a 2G mode, the first RF I unit 322 and the first RF Q unit 324 or the second RF I unit 326 and the second RF Q unit 328
receive an RF signal of a 2G band and convert the received RF signal into baseband I/Q signals. If the terminal operates
in 3G/4G modes, the first RF I/Q units 322 and 324 receive RF signals of the first HB and convert the RF signals into
baseband I/Q signals, and the second RF I unit 326 and the second RF Q unit 328 receive RF signals of the second HB
and convert the RF signals into baseband I/Q signals.
[0046] The ABB blocks 332, 334, 336, and 338 are configured to individually process I/Q signals corresponding to the
first or second HB or to process I/Q signals corresponding to the LB in pairs. More specifically, the first ABB I block 332
and the first ABB Q block 334 individually operate in the 3G/4G modes, but in the 2G mode, they process an I signal or
a Q signal of the LB. Likewise, the second ABB Q block 336 and the second ABB I block 338 individually operate in the
3G/4G modes, but in the 2G mode, they process a Q signal or an I signal of the LB together. To process the I/Q signals
of the 2G mode together, the first ABB I block 332 and the first ABB Q block 334 and the second ABB I block 336 and
the second ABB Q block 338 are disposed symmetrically to each other. To be more specific, the second ABB Q block
336 is disposed adjacent to the first ABB Q block 334 such that in the 2G mode, capacitor regions included in the first
ABB I block 332 and the first ABB Q block 334 are connected to each other and capacitor regions included in the second
ABB I block 336 and the second ABB Q block 338 are connected to each other.
[0047] The switching unit 310 connects the RF units 322, 324, 326, and 328 with the ABB blocks 332, 334, 336, and
338 according to a selected communication mode under control of the controller 340. The controller 340 controls the
overall operation of the terminal apparatus and controls the switching unit 330 according to whether a desired commu-
nication mode is the 2G mode or the 3G/4G modes. More specifically, in the 3G/4G modes, the switching unit 330
connects the first RF I unit 322 to the first ABB I block 332, the first RF Q unit 324 to the first ABB Q block 334, the
second RF I unit 326 to the second ABB I block 338, and the second RF Q unit 328 to the second ABB Q block 336.
[0048] In the 2G mode, if the first RF I unit 322 and the first RF Q unit 324 are configured to receive an RF signal of
a 2G LB, then the switching unit 330 connects the first RF Q unit 324 to the first ABB Q block 334 and the capacitor
region of the first ABB Q block 334 is expanded to include the capacitor region of the first ABB I block 332. For such an
expansion, the capacitor region of the second ABB Q block 336 is disposed adjacent to the capacitor region of the
second ABB I block 338.
[0049] In another exemplary embodiment of present invention, in the 2G mode, if the second RF I unit 326 and the
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second RF Q unit 328 are configured to receive an RF signal of the 2G LB, the switching unit 330 connects the second
RF I unit 326 to the first ABB Q block 334 and the capacitor region of the first ABB Q block 334 is expanded to include
the capacitor region of the first ABB I block 332. The switching unit 330 connects the second RF Q unit 328 to the second
ABB Q block 336 and the second ABB Q block 336 is expanded to include the capacitor region of the second ABB I
block 338.
[0050] FIGs. 4A and 4B are a block diagram and a floor plan illustrating an analog baseband filter apparatus according
to an exemplary embodiment of the present invention, respectively.
[0051] Referring to FIG. 4A, an analog baseband filter apparatus includes a first filtering/amplifying path 410 for an I
signal of a PRX HB mode of the 3G/4G modes, a second filtering/amplifying path 420 for both a Q signal of the PRX
HB mode and I/Q signals of an LB mode, a third filtering/amplifying path 430 for both a Q signal of a DRX HB mode and
Q/I signals of the LB mode, and a fourth filtering/amplifying path 440 for an I signal of the DRX HB mode.
[0052] Each of the filtering/amplifying paths 410, 420, 430, and 440 include an RP filter, such as an RP filter 412,
connected with (+) and (-) inputs, a first BQ filter, such as a first BQ filter 414, a second BQ filter, such as a second BQ
filter 416, and a VGA, such as VGA 418, connected to (+) and (-) outputs.
[0053] As described before, the filtering/amplifying paths 420 and 430 of a primary Q channel and a diversity Q channel
are configured to be used additionally for filtering/amplification of the 2G mode. That is, the filtering/amplifying paths
420 and 430 are shared for primary/diversity Q channels and I/Q channels of the 2G mode. In another exemplary
embodiment of the present invention, primary/diversity I channels may share filtering/amplifying paths with the 2G mode,
which may be easily conducted by those of ordinary skill in the art based on the drawings and the following description
of the present exemplary embodiment.
[0054] As the filtering/amplifying paths 430 and 420 of the diversity I and Q channels are alternately disposed, the
filtering/amplifying path 430 of the diversity Q channel is disposed adjacent to the filtering/amplifying path 420 of the
primary Q channel such that when the filtering/amplifying paths 420 and 430 operate in the 2G mode, I channel path
and Q channel path of the 2G mode are not spaced apart from each other.
[0055] Referring to FIG. 4B, a floor plan of a circuit corresponding to the analog baseband filtering/amplifying paths
410 through 440, which are shown in FIG. 4A, is illustrated. FIG. 4B shows a connection relationship between filter
blocks corresponding to the filtering/amplifying paths 410 through 440 and RF units and an internal arrangement of the
respective filter blocks.
[0056] Referring to FIG. 4B, a PRX RF I unit 452 and a PRX RF Q unit 454 for I and Q signals of a PRX HB and a
DRX RF I unit 456 and a DRX RF Q unit 458 for I and Q signals of the DRX HB are shown. All or at least two of the PRX
RF I unit 452 and the PRX RF Q unit 454 and the DRX RF I unit 456 and the DRX RF Q unit 458 are configured to
process I/Q signals of the 2G mode.
[0057] In the 3G/4G modes, the PRX RF I unit 452 receives an RF signal of the PRX HB, frequency down-converts
the received RF signal to an I signal of a baseband, and forwards the baseband I signal to the corresponding first filter
block having an active region 460 and a capacitor region 462. The PRX RF Q unit 254 receives a Q signal of the PRX
HB and forwards the received Q signal to the corresponding second filter block having a capacitor region 464 and an
active region 466, and the DRX RF I unit 456 receives an I signal of the DRX HB and forwards the received I signal to
the corresponding third filter block having an active region 468 and a capacitor region 470. The DRX RF Q unit 458
receives a Q signal of the DRX HB and forwards the received Q signal to the corresponding fourth filter block having a
capacitor region 472 and an active region 474. In the 2G mode, the PRX RF I unit 452 and the PRX RF Q unit 454 or
the DRX RF I unit 456 and the DRX RF Q unit 458 receive an RF signal of the 2G LB, frequency down-convert the
received RF signal to I/Q signals of the baseband, and forward the baseband I/Q signals to the corresponding second
and third filter blocks, in which capacitor regions 464 and 470 of the second and third filter blocks are expanded to include
capacitor regions of other adjacent filter blocks.
[0058] The filter blocks are equivalent to the filtering/amplifying paths 410 through 440 of FIG. 4A. The first filter block
includes the active region 460 including active elements such as a resistor and an OP AMP and the capacitor region
462 including capacitors, and is equivalent to the first filtering/amplifying path 410 of FIG. 4A. The second filter block
includes the capacitor region 464 and the active region 466, and is equivalent to the second filtering/amplifying path 420
of FIG. 4A. The capacitor region 464 of the second filter block is disposed adjacent to the capacitor region 462 of the
first filter block and is connected with the capacitor region 462 of the first filter block when operating in the 2G mode,
thus expanding the capacitance of the capacitor. The third filter block includes the active region 468 and the capacitor
region 470, and is equivalent to the third filtering/amplifying path 430 of FIG. 4A. The fourth filter block includes the
capacitor region 472 and the active region 474, and is equivalent to the fourth filtering/amplifying path 440 of FIG. 4A.
The capacitor region 470 of the third filter block is disposed adjacent to the capacitor region 472 of the fourth filter block
and is connected with the capacitor region 472 of the fourth filter block when operating in the 2G mode, thus expanding
the capacitor’s capacitance.
[0059] As such, capacitor regions of two filter blocks are disposed adjacent to each other, such that the two capacitor
regions are connected to support processing of a 2G mode signal.
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[0060] FIGs. 5A through 5C are diagrams for describing a mode change of an analog filter according to an exemplary
embodiment of the present invention.
[0061] Referring to FIG. 5A, a signal flow in the 3G/4G modes is shown, referring to FIG. 5B, a signal flow when the
PRX RF I unit 452 and the PRX RF Q unit 454 are used for the 2G mode is shown, and referring to FIG. 5C, a signal
flow when the DRX RF I unit 456 and the DRX RF Q unit 458 are used for the 2G mode is shown.
[0062] In FIG. 5A, the PRX RF I unit 452 receives an RF signal of the PRX HB, frequency down-converts the received
RF signal to an I signal of the baseband, and forwards the baseband I signal to the first filter block. The active region
460 and the capacitor region 462 of the first filter block operate for the I signal of the PRX HB. The PRX RF Q unit 454
receives an RF signal of the PRX HB, frequency down-converts the received RF signal to a Q signal of the baseband,
and forwards the baseband Q signal to the second filter block. The capacitor region 464 and the active region 466 of
the second filter block operate for the Q signal of the PRX HB.
[0063] The DRX RF I unit 456 receives an RF signal of the DRX HB, frequency down-converts the received RF signal
to an I signal of the baseband, and forwards the baseband I signal to the fourth filter block. The capacitor region 472
and the active region 474 of the fourth filter block operate for the I signal of the DRX HB. The DRX RF Q unit 458 receives
an RF signal of the DRX HB, frequency down-converts the received RF signal to a Q signal of the baseband, and forwards
the baseband Q signal to the third filter block. The active region 468 and the capacitor region 470 of the third filter block
operate for the Q signal of the DRX HB.
[0064] As such, in the 3G/4G modes, a PRX path and a DRX path are independently operated, and outputs from the
RF units 452, 454, 456, and 458 are forwarded to the corresponding filter blocks through a switching unit 500.
[0065] As shown in FIGs. 5B and 5C, in the 2G mode, filter inputs are forwarded from the PRX RF I unit 452 and the
PRX RF Q unit 454 or from the DRX RF I unit 456 and the DRX RF Q unit 458, such that they have a general purpose.
When the PRX RF I unit 452 and the PRX RF Q unit 454 are used for the 2G mode, the DRX RF I unit 456 and the DRX
RF unit 458 are turned off in order to prevent unnecessary power consumption. On the other hand, when the DRX RF
I unit 456 and the DRX RF Q unit 458 are used for the 2G mode, the PRX RF I unit 452 and the PRX RF Q unit 454 are
turned off to prevent unnecessary power consumption.
[0066] When the filter inputs are forwarded from the PRX RF I unit 452 and the PRX RF Q unit 454, channels are
formed between the PRX RF I unit 452 and the PRX RF Q unit 454 and some of the regions 462 through 472 of the
corresponding filter blocks through a switching unit 510, as shown in FIG. 5B.
[0067] More specifically, the PRX RF I unit 452 receives an RF signal of the LB, frequency down-converts the received
RF signal to an I signal of the baseband, and forwards the baseband I signal to the third filter block through the switching
unit 510. The capacitor region 470 of the third filter block is connected with the capacitor region 472 of the fourth filter
block, such that the active region 468 and the capacitor region 470 of the third filter block and the capacitor region 472
of the fourth filter block operate for the I signal of the LB. Variable capacitors included in the capacitor region 472 of the
fourth filter block vary by a control signal of the active region 468 of the third filter block. The active region 474 of the
fourth filter block may enter a standby state to prevent unnecessary power consumption.
[0068] The PRX RF Q unit 454 receives an RF signal of the LB, frequency down-converts the received RF signal to
a Q signal of the baseband, and forwards the baseband Q signal to the second filter block. The capacitor region 464 of
the second filter block is connected with the capacitor region 462 of the first filter block, such that the capacitor region
462 of the first filter block and the capacitor region 464 and the active region 466 of the second filter block operate for
the Q signal of the LB. Variable capacitors included in the capacitor region 462 of the first filter block vary by a control
signal of the active region 466 of the second filter block. The active region 460 of the first filter block may enter the
standby state for power saving.
[0069] If the filter inputs are forwarded from the DRX RF I unit 456 and the DRX RF Q unit 458, channels are formed
between the DRX RF I unit 456 and the DRX RF Q unit 458 and some of the regions 462 through 472 of the filter blocks
by a switching unit 520, as shown in FIG. 5C.
[0070] More specifically, the DRX RF I unit 456 receives an RF signal of the LB, frequency down-converts the received
RF signal to an I signal of the baseband, and forwards the baseband I signal to the second filter block through the
switching unit 520. The capacitor region 464 of the second filter block is connected with the capacitor region 462 of the
first filter block such that the capacitor region 462 of the first filter block and the capacitor region 464 and the active
region 466 of the second filter block operate for the I signal of the LB. The active region 460 of the first filter block may
enter the standby state for power saving.
[0071] The DRX RF Q unit 458 receives an RF signal of the LB, frequency down-converts the received RF signal to
a Q signal of the baseband, and forwards the baseband Q signal to the third filter block. The capacitor region 470 of the
third filter block is connected with the capacitor region 472 of the fourth filter block, such that the active region 468 and
the capacitor region 470 of the third filter block and the capacitor region 472 of the fourth filter block operate for the Q
signal of the LB. The active region 474 of the fourth filter block may enter the standby state for preventing unnecessary
power consumption.
[0072] As such, in the 2G mode, capacitors allocated to a neighbor path are connected in parallel to capacitors of a
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signal path for the 2G mode, thereby securing the expanded capacitor capacitance for signal process of the 2G mode.
[0073] A frequency range may be extended up to a 3-fold range by separate control of a capacitor bank according to
a mode, and by capacitor sharing according to an exemplary embodiment of the present invention, a 6-fold frequency
range may be supported. Moreover, each resistor of an analog filter may be replaced with four resistance segments
which are connected in series or in parallel, thereby extending a resistor value to a 16-fold resistor value range. In this
way, a frequency range may be extended up to a 96-fold range.
[0074] FIG. 6 is a diagram illustrating a resistor block which varies according to a mode according to an exemplary
embodiment of the present invention.
[0075] Referring to FIG. 6, the illustrated resistor block may substitute for at least one of the input resistor Ra and the
feedback resistor Rb of an analog filter, and are controlled according to gain, cut-off frequency, and mode. As shown in
FIG. 6, a resistor block 600 includes four variable resistance segments 602, 604, 606, and 608, which are connected in
parallel between an input terminal Rin and an output terminal Rout. Input stages of the respective resistance segments
602 through 608 are connected to the input terminal Rin through switches sw1 through sw4 and output stages thereof
are connected to the output terminal Rout through switches sw8, sw10, sw11, and sw13. A switch sw9 is connected
between the output stage of the first resistance segment 602 and the output stage of the second resistance segment
604. A switch sw6 is connected between the input stage of the second resistance segment 604 and the output stage of
the third resistance segment 606. A switch sw12 is connected between the output stage of the third resistance segment
606 and the output stage of the fourth resistance segment 608. In addition, a switch sw5 is connected in parallel to the
resistance segments 602 through 608, and a switch sw7 is connected between the input stage of the fourth resistance
segment 608 and the output stage of the switch sw5.
[0076] When each resistance segment has a resistance Rx, the switches sw1 through sw13 are controlled according
to a gain, a cut-off frequency, and a mode, such that a total resistance of the resistor block 600 may vary in a range of
1/4 through 4 times of RX.
[0077] According to an exemplary embodiment according to FIG. 6, only the switches sw1 and sw8 are turned on and
the other switches are turned off. Thus, a total resistance of the resistor block 600 is RX due to the first resistance
segment 602. By controlling on/off of the switches in this way, a total resistance of the resistor block 600 may be controlled
to be in a range of 1/4 through 4 times of RX.
[0078] FIGs. 7A through 7F are diagrams illustrating diverse connections of a resistor block according to an exemplary
embodiment of the present invention.
[0079] Referring to FIG. 7A, in Mode 1, such as the 2G mode, for processing the LB, four resistance segments 702
of the resistor block are serially connected by the switches sw1, sw9, sw6, sw12, and sw7, and the other switches are
turned off, such that a total resistance is 4RX.
[0080] Referring to FIG. 7B, in Mode 2, third and fourth resistance segments 704 are serially connected by the switches
sw3, sw12, and sw7, and the other switches are turned off, such that a total resistance is 2RX.
[0081] Referring to FIG. 7C, in Mode 3, only a first resistance segment 706 is connected between input and output
terminals by the switches sw1 and sw8, and the other switches are turned off, such that a total resistance is RX.
[0082] Referring to FIG. 7D, in Mode 4, third and fourth resistance segments 708 are connected between input and
output terminals by the switches sw3, sw11, sw4, and sw13, and the other switches are turned off, such that a total
resistance is 0.5RX.
[0083] Referring to FIG. 7E, in Mode 5, four resistance segments 710 are connected in parallel between the input and
output terminals by the switches sw1, sw2, sw3, sw4, sw8, sw10, sw11, and sw13, and the other switches are turned
off, such that a total resistance is 1/4RX.
[0084] Referring to FIG. 7F, in Mode 6, which is a bypass mode, all switches except for the switch sw5 are turned off,
such that the input and output terminals are directly connected without passing through resistance segments 712.
[0085] A unit resistance segment RX is configured to vary according to a gain needed for each filter stage, and generally,
a desired gain ranges from -12dB to +24dB, and a rate of input resistance segments and feedback resistance segments
is correspondingly adjusted.
[0086] FIG. 8 is a circuit diagram of an analog baseband filter apparatus according to an exemplary embodiment of
the present invention.
[0087] Referring to FIG. 8, the analog baseband filter apparatus includes four filter blocks 808a, 808b, 808c, and 808d,
and a DRX I signal, a DRX Q signal, a PRX Q signal, and a PRX I signal are respectively input to an input switching unit
806 through respective ones of a plurality of frequency converters 802 and a plurality of amplifiers 804. The input switching
unit 806 forwards the input signals to at least two of the filter blocks 808a through 808d according to a currently operating
communication mode under control of a controller (not shown). In the 3G/4G modes, the input switching unit 806 forwards
the four input signals to the four filter blocks 808a through 808d, respectively. In the 2G mode, the input switching unit
806 forwards 2G I and Q signals, which are input from DRX RF units through DRX I and Q input terminals, to the second
and third filter blocks 808b and 808c, in which the 2G Q signal from the DRX RF Q unit is forwarded to the second filter
block 808b and the 2G I signal from the DRX RF I unit is forwarded to the third filter block 808c. In another exemplary
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embodiment of the present invention, in the 2G mode, the input switching unit 806 forwards 2G I and Q signals, which
are input from PRX RF units through PRX I and Q input terminals, to the second and third filter blocks 808b and 808c,
in which the 2G Q signal from the PRX RF Q unit is forwarded to the third filter block 808c and the 2G I signal from the
PRX RF I unit is forwarded to the second filter block 808c.
[0088] A description will be made of each filter block, representatively, the first filter block 808a. The first filter block
808a includes three filter stages and an amplification stage 816. The three filter stages include an RP filter 810, a first
BQ filter 812, and a second BQ filter 814. The respective filter stages of the first filter block 808a independently operate
in the 3G/4G modes, and are not connected with filter stages of the second filter block 808b. In the 2G mode, capacitors
C1 of the RP filter 810 are disconnected with an OP AMP A and are connected in parallel to capacitors C1X included in
an RP filter of the second filter block 808b, and the OP AMP A is turned off. Likewise, in the 2G mode, capacitors C2,
C3, C4, and C5 of the next filter stages are disconnected with OP AMPs B, C, D, and E and are connected in parallel to
corresponding capacitors C2X, C3X, C4X, and C5X of the second filter block 808b, and the OP AMPs B, C, D, and E are
turned off.
[0089] Output signals of the filter blocks 808a through 808d are connected to corresponding output stages through
an output switching unit 818 controlled by the controller. In the 3G/4G modes, the output switching unit 818 connects
output signals from the filter blocks 808a through 808d to respective outputs including a DRX Iout, a DRX Qout, a PRX
Qout, and a PRX Iout. In the 2G mode, the output switching unit 818 connects an output signal from the third filter block
808c to a 2G Iout output and an output signal from the second filter block 808b to a 2G Qout output.
[0090] FIGs. 9A and 9B are diagrams illustrating in detail connection of capacitors according to an exemplary embod-
iment of the present invention.
[0091] Referring to FIG. 9A, a first OP AMP 902 is positioned in the first filter block 808a (see FIG. 8) and is connected
in parallel to two capacitors C11 and C21. A second OP AMP 904 is positioned in the second filter block 808b (see FIG.
8) and is connected in parallel to two capacitors C12 and C22. The capacitor C11 is connected in parallel with the first
OP AMP 902 through the switches sw1 and sw2. The switch sw3 is connected between input stages of the capacitors
C11 and C12, and the switch sw4 is connected between output stages thereof. Likewise, the capacitor C21 is connected
in parallel with the second OP AMP 904 through the switches sw5 and sw6. The switch sw7 is connected between input
stages of C21 and C22, and the switch sw8 is connected between output stages thereof.
[0092] In the 3G/4G modes, the switches sw1 and sw2, which connect the capacitor C11 to the first OP AMP 902, and
the switches sw5 and sw6, which connect the capacitor C21 to the second OP AMP 904, are turned on, or in other words,
are closed, and the switches sw3 and sw4, which connect the capacitors C11 and C12 to each other, and the switches
sw7 and sw8, which connect the capacitors C21 and C22 to each other, are turned off, or in other words, are opened.
Accordingly, capacitors operate in a corresponding filter block.
[0093] Referring to FIG. 9B, in the 2G mode, the switches sw3 and sw4, which connect the capacitors C11 and C12
to each other, and the switches sw7 and sw8, which connect the capacitors C21 and C22 to each other, are turned on,
and the switches sw1 and sw2, which connect the capacitor C11 of the first filter block 808a to the first OP AMP 902,
and the switches sw5 and sw6, which connect the capacitor C21 of the first filter block 808a to the second OP AMP 904,
are turned off. Accordingly, the capacitors C11 and C21 are connected in parallel to the second OP AMP 904 of the
second filter block 808b instead of the first filter block 808a. In this case, the first OP AMP 902 of the first filter block
808a may be turned off in order to save power. Other filter stages and capacitors of other filter blocks are connected
and controlled in a similar manner according to an applied communication mode, such that they may be shared between
the 2G mode and the 3G/4G modes.
[0094] As is apparent from the foregoing description, in the 2G mode, a capacitor region for a diversity path of the
3G/4G modes is shared, and an architecture of input and feedback resistors is improved. In addition, a receiver system
and a digital control code are provided in which input and output paths are variable according to a mode, such as a 2G
mode and a 3G/4G mode. Therefore, according to the exemplary embodiments of the present invention, a variable-gain
amplifier and filter circuit and algorithm may be provided in which a gain and a bandwidth needed for a baseband receiver
are effectively implemented for all mobile communication standards supported in 2G, 3G, and 4G.
[0095] Moreover, when compared to the related art, the circuit area may be reduced by half or more, thereby reducing
the cost and decreasing the noise in the circuit. Furthermore, in next-generation mobile communication techniques, the
present invention may be effectively applied to configuration of a Multiple Input Multiple Output (MIMO) receiver structure
such as a 4x2, a 4x4, an 8x4, or any other similar and/or suitable receiver structure.
[0096] While the invention has been shown and described with reference to certain exemplary embodiments thereof,
it will be understood by those skilled in the art that various changes in form and details may be made therein without
departing from the scope of the invention as defined by the appended claims.
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Claims

1. An analog baseband filter apparatus for a multi-mode and multi-band wireless transceiver, the analog baseband
filter apparatus comprising:

a plurality of radio frequency, RF, units (302, 304, 306, 322, 324, 326, 328), each of the plurality of RF units
(302, 304, 306, 322, 324, 326, 328) being configured for receiving RF signals of one of a plurality of frequency
bands and outputting baseband signals;
a plurality of filter blocks (312, 314, 316, 332, 334, 336, 338) configured for filtering and amplifying the baseband
signals and comprising at least a first filter block and a second filter block; and
a switching unit (310, 330) configured for connecting each of at least one of the plurality of RF units (302, 304,
306, 322, 324, 326, 328) to one of the plurality of filter blocks (312, 314, 316, 332, 334, 336, 338) according to
a selected communication mode selected out of a first communication mode and a second communication mode,
wherein the first filter block comprises a first capacitor region including a first capacitor and the second filter
block comprises a second capacitor region including a second capacitor, the second capacitor region being
disposed adjacent to the first capacitor region, and
wherein in the first communication mode the first filter block and the second filter block are each connected to
a corresponding one of the plurality of RF units (302, 304, 306, 322, 324, 326, 328) and in the second commu-
nication mode the first filter block is connected to one of the plurality of RF units (302, 304, 306, 322, 324, 326,
328), and the first capacitor included in the first capacitor region of the first filter block is connected to the second
capacitor included in the second capacitor region of the second filter block.

2. The analog baseband filter apparatus of claim 1, wherein the plurality of RF units (302, 304, 306, 322, 324, 326,
328) comprise at least one RF unit (322, 326) which is configured to output an In-phase, I, signal, and at least one
RF unit (324, 328) which is configured to output a Quadrature-phase, Q, signal, the I and Q signals corresponding
to an RF signal of a first High Band, HB, of the plurality of frequency bands in the first communication mode and
corresponding to an RF signal of a Low Band, LB, of the plurality of frequency bands in the second communication
mode.

3. The analog baseband filter apparatus of claim 2, wherein second communication mode, the first filter block is
configured to receive for Q signals of the LB from the at least one RF unit and filter and amplify the received I or Q
signals.

4. The analog baseband filter apparatus of claim 3, wherein each of the first filter block and the second filter block
further comprises active elements (460, 466), and wherein, when in the second communication mode, the active
elements of the second filter block are turned off.

5. The analog baseband filter apparatus of one of claims 1 to 4, wherein capacitor regions of each of the filter blocks
(312, 314, 316, 332, 334, 336, 338) of the plurality of filter blocks (312, 314, 316, 332, 334, 336, 338) are disposed
adjacent to a capacitor region of an adjacent filter block of the plurality of filter blocks (312, 314, 316, 332, 334, 336,
338).

6. The analog baseband filter apparatus of one of claims 1 to 5, wherein each of the plurality of filter blocks (312, 314,
316, 332, 334, 336, 338) comprises at least one of an input resistor and a feedback resistor,

wherein, each of the at least one of the input resistor and the feedback resistor comprise a plurality of variable
resistance segments configured to be connected in parallel or in series through switches, and
wherein the switches are turned on or off according to a communication mode and a predetermined gain.

7. A method for controlling an analog baseband filter apparatus for a multi-mode and multi-band wireless transceiver,
the method comprising:

connecting each of a plurality of radio frequency, RF, units (302, 304, 306, 322, 324, 326, 328) to a corresponding
one of a plurality of filter blocks (312, 314, 316, 332, 334, 336, 338) in a first communication mode which uses
a high band, HB; and
connecting one of the plurality of RF units (302, 304, 306, 322, 324, 326, 328) to a first filter block of the plurality
of filter blocks (312, 314, 316, 332, 334, 336, 338) in a second communication mode which uses a Low Band, LB,
wherein each of the plurality of RF units (302, 304, 306, 322, 324, 326, 328) is configured to receive RF signals
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of one of a plurality of frequency bands and output baseband signals one of the plurality of filter blocks,
wherein each of the plurality of filter blocks (312, 314, 316, 332, 334, 336, 338) is configured to respectively
filter and amplify the baseband signals,
wherein the first filter block comprises a first capacitor region including a first capacitor, and
wherein, when in the second communication mode, the first capacitor included in the first capacitor region of
the first filter block is connected with a capacitor included in a capacitor region of an adjacent filter block of the
plurality of filter blocks, the adjacent filter block disposed adjacent to the first filter block.

8. The method of claim 7, wherein the plurality of RF units (302, 304, 306, 322, 324, 326, 328) comprise at least one
RF unit (322, 326) which is configured to output an In-phase, I, signal, and at least one RF unit (324, 328) which is
configured to output a Quadrature-phase, Q, signal, the I and Q signals corresponding to an RF signal of a first HB
of the plurality of frequency bands in the first communication mode and output I and Q signals corresponding to an
RF signal of the LB of the plurality of frequency bands in the second communication mode.

9. The method of claim 8, wherein in the second communication mode, the first filter block is configured to receive I
or Q signals of the LB from the at least one RF unit and filter and amplify the received I or Q signals.

10. The method of claim 9, wherein each of the plurality of filter blocks further comprises active elements (460, 466),
and wherein, when in the second communication mode the active elements of the adjacent filter block are turned off.

11. The method of one of claim 7 to 10, wherein capacitor regions of each of the filter blocks of the plurality of filter
blocks (312, 314, 316, 332, 334, 336, 338) are disposed adjacent to a capacitor region of an adjacent filter block of
the plurality of filter blocks (312, 314, 316, 332, 334, 336, 338).

12. The method of one of claims 7 to 11, wherein each of the plurality of filter blocks comprises at least one of an input
resistor and a feedback resistor,

wherein, each of the at least one of the input resistor and the feedback resistor comprise a plurality of variable
resistance segments configured to be connected in parallel or in series through switches, and
wherein the switches are turned on or off according to a communication mode and a predetermined gain.

Patentansprüche

1. Eine analoge Basisband-Filtervorrichtung für einen drahtlosen Multimodus- und Multiband-Transceiver, wobei die
analoge Basisband-Filtervorrichtung umfasst:

mehrere Hochfrequenz-, RF-, Einheiten (302, 304, 306, 322, 324, 326, 328), wobei jede der mehreren RF-
Einheiten (302, 304, 306, 322, 324, 326, 328) für den Empfang von RF-Signalen eines einer Vielzahl von
Frequenzbändern und die Ausgabe von Basisbandsignalen ausgebildet ist;
mehrere Filterblöcke (312, 314, 316, 332, 334, 336, 338), die zum Filtern und Verstärken der Basisbandsignale
ausgebildet sind und mindestens einen ersten Filterblock und einen zweiten Filterblock umfassen; und
eine Schalteinheit (310, 330), die so ausgebildet ist, dass sie jede von mindestens einer der mehreren RF-
Einheiten (302, 304, 306, 322, 324, 326, 328) mit einem der mehreren Filterblöcke (312, 314, 316, 332, 334,
336, 338) gemäß einem ausgewählten Kommunikationsmodus verbindet, der aus einem ersten Kommunikati-
onsmodus und einem zweiten Kommunikationsmodus ausgewählt wird,
wobei der erste Filterblock einen ersten Kondensatorbereich umfasst, der einen ersten Kondensator enthält,
und der zweite Filterblock einen zweiten Kondensatorbereich umfasst, der einen zweiten Kondensator enthält,
wobei der zweite Kondensatorbereich benachbart zu dem ersten Kondensatorbereich angeordnet ist, und
wobei in dem ersten Kommunikationsmodus der erste Filterblock und der zweite Filterblock jeweils mit einer
entsprechenden der mehreren RF-Einheiten (302, 304, 306, 322, 324, 326, 328) verbunden sind und in dem
zweiten Kommunikationsmodus der erste Filterblock mit einer der mehreren RF-Einheiten (302, 304, 306, 322,
324, 326, 328) verbunden ist, und der erste Kondensator, der in dem ersten Kondensatorbereich des ersten
Filterblocks enthalten ist, mit dem zweiten Kondensator, der in dem zweiten Kondensatorbereich des zweiten
Filterblocks enthalten ist, verbunden ist.

2. Die analoge Basisband-Filtervorrichtung nach Anspruch 1, wobei die mehreren RF-Einheiten (302, 304, 306, 322,
324, 326, 328) mindestens eine RF-Einheit (322, 326), die so ausgebildet ist, dass sie ein In-Phase-, I-, Signal
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ausgibt, und mindestens eine RF-Einheit (324, 328), die so ausgebildet ist, dass sie ein Quadratur-Phase-, Q-,
Signal ausgibt, umfassen, wobei die I- und Q-Signale einem RF-Signal eines ersten High-Band, HB, der Vielzahl
von Frequenzbändern in dem ersten Kommunikationsmodus, und einem RF-Signal eines Low-Bands, LB, der Viel-
zahl von Frequenzbändern in dem zweiten Kommunikationsmodus entsprechen.

3. Die analoge Basisband-Filtervorrichtung nach Anspruch 2, wobei in dem zweiten Kommunikationsmodus der erste
Filterblock dazu ausgebildet ist, I- oder Q-Signale des LB von der mindestens einen RF-Einheit zu empfangen und
die empfangenen I- oder Q-Signale zu filtern und zu verstärken.

4. Die analoge Basisband-Filtervorrichtung nach Anspruch 3, wobei sowohl der erste Filterblock als auch der zweite
Filterblock aktive Elemente (460, 466) umfassen, und wobei, wenn in dem zweiten Kommunikationsmodus, die
aktiven Elemente des zweiten Filterblocks ausgeschaltet sind.

5. Die analoge Basisband-Filtervorrichtung nach einem der Ansprüche 1 bis 4, wobei Kondensatorbereiche jedes der
Filterblöcke (312, 314, 316, 332, 334, 336, 338) der mehreren Filterblöcke (312, 314, 316, 332, 334, 336, 338)
benachbart zu einem Kondensatorbereich eines benachbarten Filterblocks der mehreren Filterblöcke (312, 314,
316, 332, 334, 336, 338) angeordnet sind.

6. Die analoge Basisband-Filtervorrichtung nach einem der Ansprüche 1 bis 5, wobei jeder der mehreren Filterblöcke
(312, 314, 316, 332, 334, 336, 338) mindestens eines von einem Eingangswiderstand und einem Rückkopplungs-
widerstand umfasst,

wobei der Eingangswiderstand und/oder der Rückkopplungswiderstand jeweils eine Vielzahl von Segmenten
mit variablem Widerstand umfassen, die so ausgebildet sind, dass sie über Schalter parallel oder in Reihe
geschaltet werden, und
wobei die Schalter gemäß einem Kommunikationsmodus und einer vorbestimmten Verstärkung ein- oder aus-
geschaltet werden.

7. Ein Verfahren zum Steuern einer analogen Basisband-Filtervorrichtung für einen drahtlosen Multimode- und Mult-
iband-Transceiver, wobei das Verfahren umfasst:

Verbinden jeder von mehreren Hochfrequenz-, RF-, Einheiten (302, 304, 306, 322, 324, 326, 328) mit einem
entsprechenden von mehreren Filterblöcken (312, 314, 316, 332, 334, 336, 338) in einem ersten Kommunika-
tionsmodus, der ein High-Band, HB, verwendet; und
Verbinden einer der mehreren RF-Einheiten (302, 304, 306, 322, 324, 326, 328) mit einem ersten Filterblock
der mehreren Filterblöcke (312, 314, 316, 332, 334, 336, 338) in einem zweiten Kommunikationsmodus, der
ein Low-Band, LB, verwendet,
wobei jede der mehreren RF-Einheiten (302, 304, 306, 322, 324, 326, 328) so ausgebildet ist, dass sie RF-
Signale eines von einer Vielzahl von Frequenzbändern empfängt und Basisbandsignale an einen der mehreren
Filterblöcke ausgibt,
wobei jeder der mehreren Filterblöcke (312, 314, 316, 332, 334, 336, 338) dazu ausgebildet ist, die Basisband-
signale zu filtern und zu verstärken,
wobei der erste Filterblock einen ersten Kondensatorbereich umfasst, der einen ersten Kondensator enthält, und
wobei, wenn in dem zweiten Kommunikationsmodus, der erste Kondensator, der in dem ersten Kondensator-
bereich des ersten Filterblocks enthalten ist, mit einem Kondensator verbunden ist, der in einem Kondensator-
bereich eines benachbarten Filterblocks der mehreren Filterblöcke enthalten ist, wobei der benachbarte Filter-
block benachbart zu dem ersten Filterblock angeordnet ist.

8. Das Verfahren nach Anspruch 7, wobei die mehreren RF-Einheiten (302, 304, 306, 322, 324, 326, 328) mindestens
eine RF-Einheit (322, 326), die so ausgebildet ist, dass sie ein In-Phase-, I-, Signal ausgibt, und mindestens eine
RF-Einheit (324, 328), die so ausgebildet ist, dass sie ein Quadratur-Phase-, Q-, Signal ausgibt, wobei die I- und
Q-Signale einem RF-Signal eines ersten High-Bands, HB, der mehreren Frequenzbänder in dem ersten Kommu-
nikationsmodus entsprechen, und I- und Q-Signale ausgibt, die einem RF-Signal des LB der mehreren Frequenz-
bänder in dem zweiten Kommunikationsmodus entsprechen, umfassen.

9. Das Verfahren nach Anspruch 8, wobei, in dem zweiten Kommunikationsmodus der erste Filterblock dazu ausge-
bildet ist, I- oder Q-Signale des LB von der mindestens einen RF-Einheit zu empfangen und die empfangenen I-
oder Q-Signale zu filtern und zu verstärken.
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10. Das Verfahren nach Anspruch 9, wobei jeder der mehreren Filterblöcke weiterhin aktive Elemente (460, 466) umfasst,
und wobei, wenn in dem zweiten Kommunikationsmodus, die aktiven Elemente des benachbarten Filterblocks
ausgeschaltet sind.

11. Verfahren nach einem der Ansprüche 7 bis 10, wobei Kondensatorbereiche jedes der Filterblöcke der mehreren
Filterblöcke (312, 314, 316, 332, 334, 336, 338) benachbart zu einem Kondensatorbereich eines benachbarten
Filterblocks der mehreren Filterblöcke (312, 314, 316, 332, 334, 336, 338) angeordnet sind.

12. Verfahren nach einem der Ansprüche 7 bis 11, wobei jeder der mehreren Filterblöcke mindestens einen Eingangs-
widerstand und einen Rückkopplungswiderstand umfasst,

wobei der Eingangswiderstand und/oder der Rückkopplungswiderstand jeweils eine Vielzahl von Segmenten
mit variablem Widerstand umfassen, die so ausgebildet sind, dass sie über Schalter parallel oder in Reihe
geschaltet werden, und
wobei die Schalter gemäß einem Kommunikationsmodus und einer vorbestimmten Verstärkung ein- oder aus-
geschaltet werden.

Revendications

1. Appareil de filtrage en bande de base analogique pour un émetteur-récepteur sans fil multimode et multibande,
l’appareil de filtrage en bande de base analogique comprenant :

une pluralité d’unités de radiofréquence RF (302, 304, 306, 322, 324, 326, 328), chaque unité de la pluralité
d’unités RF (302, 304, 306, 322, 324, 326, 328) étant configurée pour recevoir des signaux RF d’une bande
d’une pluralité de bandes de fréquence et pour émettre des signaux en bande de base ;
une pluralité de blocs de filtrage (312, 314, 316, 332, 334, 336, 338) configurés pour filtrer et amplifier les
signaux en bande de base et comprenant au moins un premier bloc de filtrage et un deuxième bloc de filtrage ; et
une unité de commutation (310, 330) configurée pour connecter chaque dite au moins une unité de la pluralité
d’unités RF (302, 304, 306, 322, 324, 326, 328) à un bloc de la pluralité de blocs de filtrage (312, 314, 316,
332, 334, 336, 338) selon un mode de communication sélectionné parmi un premier mode de communication
et un deuxième mode de communication,
dans lequel le premier bloc de filtrage comprend une première région de condensateur incluant un premier
condensateur et le deuxième bloc de filtrage comprend une deuxième région de condensateur incluant un
deuxième condensateur, la deuxième région de condensateur étant disposée de manière adjacente à la première
région de condensateur, et
dans lequel, dans le premier mode de communication, le premier bloc de filtrage et le deuxième bloc de filtrage
sont chacun connectés à une unité correspondante de la pluralité d’unités RF (302, 304, 306, 322, 324, 326,
328) et dans le deuxième mode de communication, le premier bloc de filtrage est connecté à une unité de la
pluralité d’unités RF (302, 304, 306, 322, 324, 326, 328) et le premier condensateur inclus dans la première
région de condensateur du premier bloc de filtrage est connecté au deuxième condensateur inclus dans la
deuxième région de condensateur du deuxième bloc de filtrage.

2. Appareil de filtrage en bande de base analogique selon la revendication 1, dans lequel la pluralité d’unités RF (302,
304, 306, 322, 324, 326, 328) comprend au moins une unité RF (322, 326) qui est configurée pour émettre un signal
en phase, I, et au moins une unité RF (324, 328) qui est configurée pour émettre un signal en quadrature de phase,
Q, les signaux I et Q correspondant à un signal RF d’une première bande haute, HB - High Band, de la pluralité de
bandes de fréquence dans le premier mode de communication et correspondant à un signal RF d’une bande basse,
LB - Low Band, de la pluralité de bandes de fréquence dans le deuxième mode de communication.

3. Appareil de filtrage en bande de base analogique selon la revendication 2, dans lequel, dans le deuxième mode de
communication, le premier bloc de filtrage est configuré pour recevoir des signaux I ou Q de la LB provenant de
ladite au moins une unité RF et filtrer et amplifier les signaux I ou Q reçus.

4. Appareil de filtrage en bande de base analogique selon la revendication 3, dans lequel chaque bloc parmi le premier
bloc de filtrage et le deuxième bloc de filtrage comprend en outre des éléments actifs (460, 466), et dans lequel,
quand ils sont dans le deuxième mode de communication, les éléments actifs du deuxième bloc de filtrage sont
éteints.
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5. Appareil de filtrage en bande de base analogique selon l’une des revendications 1 à 4, dans lequel les régions de
condensateur de chacun des blocs de filtrage (312, 314, 316, 332, 334, 336, 338) de la pluralité de blocs de filtrage
(312, 314, 316, 332, 334, 336, 338) sont disposés de manière adjacente à une région de condensateur d’un bloc
de filtrage adjacent de la pluralité de blocs de filtrage (312, 314, 316, 332, 334, 336, 338).

6. Appareil de filtrage en bande de base analogique selon l’une des revendications 1 à 5,

dans lequel chaque bloc de la pluralité de blocs de filtrage (312, 314, 316, 332, 334, 336, 338) comprend au
moins une résistance parmi une résistance d’entrée et une résistance de rétroaction,
dans lequel chacune desdites au moins une résistance parmi la résistance d’entrée et la résistance de rétroaction
comprend une pluralité de segments à résistance variable configurés pour être connectés en parallèle ou en
série par l’intermédiaire de commutateurs, et
dans lequel les commutateurs sont activés ou désactivés conformément à un mode de communication et à un
gain prédéterminé.

7. Procédé de contrôle d’un appareil de filtrage en bande de base analogique pour un émetteur-récepteur sans fil
multimode et multibande, le procédé comprenant :

la connexion de chaque unité d’une pluralité d’unités de radiofréquence RF (302, 304, 306, 322, 324, 326, 328)
à un bloc correspondant d’une pluralité de blocs de filtrage (312, 314, 316, 332, 334, 336, 338) dans un premier
mode de communication qui utilise une bande haute, HB ; et
la connexion d’une unité de la pluralité d’unités RF (302, 304, 306, 322, 324, 326, 328) à un premier bloc de
filtrage de la pluralité de blocs de filtrage (312, 314, 316, 332, 334, 336, 338) dans un deuxième mode de
communication qui utilise une bande basse, LB,
dans lequel chaque unité de la pluralité d’unités RF (302, 304, 306, 322, 324, 326, 328) est configurée pour
recevoir des signaux RF d’une bande parmi une pluralité de bandes de fréquence et émettre des signaux de
bande de base vers un bloc de la pluralité de blocs de filtrage,
dans lequel chaque bloc de la pluralité de blocs de filtrage (312, 314, 316, 332, 334, 336, 338) est configuré
pour respectivement filtrer et amplifier les signaux en bande de base,
dans lequel le premier bloc de filtrage comprend une première région de condensateur incluant un premier
condensateur, et
dans lequel, quand il est dans le deuxième mode de communication, le premier condensateur inclus dans la
première région de condensateur du premier bloc de filtrage est connecté à un condensateur inclus dans une
région de condensateur d’un bloc de filtrage adjacent de la pluralité de blocs de filtrage, le bloc de filtrage
adjacent étant disposé de manière adjacente au premier bloc de filtrage.

8. Procédé selon la revendication 7, dans lequel la pluralité d’unités RF (302, 304, 306, 322, 324, 326, 328) comprend
au moins une unité RF (322, 326) qui est configurée pour émettre un signal en phase, I, et au moins une unité RF
(324, 328) qui est configurée pour émettre un signal en quadrature de phase, Q, les signaux I et Q correspondant
à un signal RF d’une première bande HB de la pluralité de bandes de fréquence dans le premier mode de commu-
nication et émettre des signaux I et Q correspondant à un signal RF de la bande LB de la pluralité de bandes de
fréquence dans le deuxième mode de communication.

9. Procédé selon la revendication 8, dans lequel, dans le deuxième mode de communication, le premier bloc de filtrage
est configuré pour recevoir des signaux I ou Q de la bande LB depuis ladite au moins une unité RF et filtrer et
amplifier les signaux I ou Q reçus.

10. Procédé selon la revendication 9,

dans lequel chaque bloc de la pluralité de blocs de filtrage comprend en outre des éléments actifs (460, 466), et
dans lequel, quand ils sont dans le deuxième mode de communication, les éléments actifs du bloc de filtrage
adjacent sont désactivés.

11. Procédé selon l’une des revendications 7 à 10, dans lequel des régions de condensateur de chacun des blocs de
filtrage de la pluralité de blocs de filtrage (312, 314, 316, 332, 334, 336, 338) sont disposées de manière adjacente
à une région de condensateur d’un bloc de filtrage adjacent de la pluralité de blocs de filtrage (312, 314, 316, 332,
334, 336, 338).
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12. Procédé selon l’une des revendications 7 à 11, dans lequel chaque bloc de la pluralité de blocs de filtrage comprend
au moins une résistance parmi une résistance d’entrée et une résistance de rétroaction,

dans lequel chacune desdites au moins une résistance parmi la résistance d’entrée et la résistance de rétroaction
comprend une pluralité de segments à résistance variable configurés pour être connectés en parallèle ou en
série par l’intermédiaire de commutateurs, et
dans lequel les commutateurs sont activés ou désactivés conformément à un mode de communication et à un
gain prédéterminé.
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